Rhoeo spathacea (Swartz) Steam (Commelinaceae) is a monotypic genus, being diploid 2n=2x=12, with a unique genetic system. Cytologically presents a complex-interchange -heterozygosity segregating Renner complexes, maintained by balanced lethals which inhibit the fusion of similar gametes and determine the expression of specific genes which may be either monoallelic or may have multiple alleles (Kenton and Rudall 1987) . The translocation complex involving five interchanges resultes in a ring of twelve chromosomes in meiosis and there are not two wholly homologous chromosomes. Recently, the complex-interchange -heterozizosity has enjoyed a revival of interest as it represents a model of surveying genic and chromosomal changes (Kenton et al. 1987) . Many cytological studies have been done in Rhoeo spathacea, mostly concerning with its meiotical chromosome behavior. In Rhoeo it has been observed bivalent-forming individuals (Wimber 1968) ; triploids (Desai 1965 , Lin et al. 1984 ; tetraploids (Walters and Gerstel 1948, Garcia 1991) , and for the first time an aneuploid in Rhoeo has reported, which resulted in an acrotrisomic (Garcia, in revision) . By selfing a desynaptic and second division restitution (Garcia 1991) , a progeny of 120 sibs was obtained which includes euploids and aneuploids. Among cytological abnormalities of chromosome pairing and chiasmata formation, asynapsis and desynapsis are the most important genetical phenomena. In Rhoeo the desynaptic mutant observed is spontaneous and resulted from selfing a plant obtained from Michoacan, Mexico (Garcia 1991) . Desynaptic is referred to genes which action affect the homologous pairing and induce a high frequency of univalents at metaphase I. Rhoeo spathacea meiotical chromosomes never exhibit total synapsis; instead it is restricted to terminal segments (Stack and Soulliere 1984) .
The aims of the present study were the karyotype analysis and the study of chromosome behavior in meiosis of a wild desynaptic plant collected in Merida, Yucatan, (Mexico). Meiotic behavior was studied in pollen mother cells (PMC'S) from MI to pollen grains at first postmeiotic mitosis. The PMC'S were squashed directly in ca. 2% propionic orcein. Mature pollen was stained in propionic orcein and the percentage of stainability was calculated. Well spread cells were photographed using Kodalith film, and karyotypes were drawn using a Zeiss drawing attachment on a Zeiss photomicroscope III.
Results and discussion

Karyotype
The observed chromosome number in somatic cells of the desynaptic plant mutant GAVA 3, was 2n=12 (Fig. 1a ). This agrees with 2n=12 chromosome counts observed in GAVA 1.1 the other desynaptic mutant (Garcia 1991) . However, there were clear differences in chromo some morphology between both plants for chromosomes 1 and 12, the longest and the shortest (Fig. 1a, 1b) . The twelve chromosomes were numbered according to length, long to short (Table 1 ). The relative length (L%) and arm ratio (r) are listed in Table 1 and displayed in Fig. 2 . It can be seen that there is a bimodal karyotype including meta and submetacentric chromosomes (Table 1) (Chromosomes 1, 2, 4, 5, 6, 8, 11 and 12, and 3, 7, 9 and 10, respectively) which includes the diploid complement as there are not two wholly homologuous chromosomes. The simultaneous use of two variables in Table 1 and Fig. 2 allows a better comparison of complements in each desynaptic plant. Minor variations in relative length (L%) and arm ratio (r) from one cell to another were rather common. Therefore, it was considered more appropiate to use the method proposed by Tjio and Hagberg (1951) rather than a quantitative analysis based on statistical methods. Natarayan and Natarayan (1972) found six metacentric and six submetacentric chromosomes in Rhoeo. However, they did not indicate which chromosomes are meta and which submetacentric. The chromosomal complement of mutant GAVA 1.1 also exhibits a bimodal karyotype which is different from that of plant GAVA 3 (Table 1, Fig. 2 ). It can be an indication of chromosome polymorphism in Rhoeo.
It has been suggested by Kenton and Rudall (1987) that bimodal karyotypes are structur ally preadapted to ring forming, instead of being metacentric and equal in size as previously suggested by Cleland (1972) . Therefore, the chromosomes of R. spathacea do not satisfy these criteria; being markedly unequal in size and meta and sub-meta, especially chromosomes 1 and Table 1. 12 in mutant GAVA 3. Description of cytological abnormalities in the desynaptic mutant. Earlier stages of meiosis of Rhoeo are not suitable for detailed examination; however, it was possible to observe some chromosomal association (Fig. 3a) . Then, the chromosomal behavior must be considered as desynaptic, not as asynaptic in which case there is not any association at prophase of meiosis.
Meiosis I. In the pollen mother cells (PMCs) it was observed from 4 to 12 univalents; but no more than three associated chromosomes (Fig. 3b) . Most of the PMC'S observed (55.6% of 65 cells) showed 12 univalents, and no single ring or chain was observed. The distribution of univalents to the poles apparently was not at random, since no great irregularities at the end of anaphase I were observed. The 6:6 distribution in AI of plant GAVA 3 was higher than that of plant GAVA 1.1 (Table 2 ). Both plants being desynaptic (52.22% vs 47.6%). The chromosomal segregation 6:6 of plant GAVA 3 was similar to that observed in a ring forming Rhoeo by Baker and Mertens (1975) . Then, this can be an indication that chromosome pairing at MI is not required for a regular distribution of chromosomes at AI. Meiosis II. Normally the centromeres of the chromosomes exhibit auto-orientation at MII, and divide at AII, when the sister chromatids move to both poles but no cleavage formation occurs. Thus, restitution is observed in second division (SDR). Without cytokinesis it is expected that some tetrads will produce some haploid and some diploid microspores via restitution. According with Ramanna (1974) a dyad is formed if there is a failure of reductional wall (in which case a single wall is formed), or a failure of both equational walls to form in the meiocyte. The same author suggests that a triad will result when reductional wall is partially formed or one of the equational walls has failed to form. Dyads and triads will Table 3 . Number and frequency (%) of cells at tetrad stage, and predicted production of diploid pollen in R. spathacea 1) Garcia 1991. develop into unreduced microspores by SDR; a dyad will produce two unreduced microspores and a triad will produce one unreduced and two haploid microspores. In plant GAVA 3, 98.76% of haploid microspores were produced by tetrads as the production of triads was insignificant. Desynaptic plants GAVA 3 and GAVA 1.1 differed in the frequency of dyads and triads even when, the frequency of tetrads was very similar in both plants (56.8% in GAVA 3 vs 55.19% in GAVA 1.1) (Table 3) . However, the production of unreduced pollen was 39.26% lower in GAVA 1.1 than in GAVA 3. Then, it is possible to assume that this plant produced unreduced pollen from dyads as expected.
Pollen stainability
By using pollen stainability in propionic orcein ca. 2% as index of fertility, 1923 out of 2928 pollen grains observed showed stainability and regular shape. Plant GAVA 3 had 65.67% of well-filled stainable pollen as compared to 56.92% of the other desynaptic mutant (Garcia 1991) . Zimmerman (1968) associated the pollen sterility with abnormal disjunction and reported variability between 42% to 99%; Lin and Paddock (1873) reported a fertility of 75.5% and assumed it was due to 6:6 disjunction in 72.5% PMC'S and supposed there were not abnormalities at second meiotic division. Koduro and Rao (1981) suggested that male fertility in synaptic mutants is lower than in normal plants depending on the intensity of the mutant.
It is a unique phenomenon that functional pollen grains are formed even in spite of cleavage errors. Further studies are required to understand the genetic implications of aberrant cytokinesis.
Association with other characters
It has observed that plant GAVA 3 exhibited also a production of abnormal pollen (Fig.  3e) . Variable pollen grain sizes were attributed to chromosome numbers from n=5 to n=14. From a sample of 123 pollen grains in which it was possible to count the chromosome number, 69 (56.08%) had n=6 and 42 (34.14%) were unreduced, n=12 (Table 3) . Then it, can be said that mutant GAVA 3 produced more unreduced gametes than GAVA 1.1 (Garcia 1991) (34.14% vs 20.74%, respectively) . The big pollen grains are the probable result of failure of post meiotic cytokinesis or of failure of cell wall formation, followed by SDR.
Mediburu and Peloquin (1976) defined sexual polyploidization as the process through which an euploid zygote is formed whose chromosome number is doubled parting from each parent's contributed of a gamete carrying one half the parental premiotic chromosome number. The sexual polyploidization is effected by 2n gametes. Garcia, (1991 and in revision) has observed ds-SDR in Rhoeo that produced euploids and aneuploids upon selfing in which case it could be suggested that both gametes were unreduced.
The cytogenetical studies in Rhoeo are very limited and mostly referred to meiotic chromosome behavior. The detection of mutant genes like the one in this study may be an invaluable asset, as it enables further cytogenetical studies in Rhoeo.
Summary
A mutant causing partial desynapsis (dissociation of paired chromosomes) and conse quently a high frequency of univalents at metaphase I was found among plants of a wild population of Rhoeo collected in Merida, Yucatan, MEXICO. The seedlings were found to be diploids with 2n=2x=12. The mutant formed from 6 to 12 univalents/cell and had a karyotype 8M+4SM differing from that of the other desynaptic referred to in other work by the same author which has 7M+5SM.
The mutant had a high pollen fertility (65.7%). The produced microspores had chromosome numbers from n=5 to n=14.
Unreduced pollen grains were formed at TII via second division restitution and comprised 34.14% of the pollen grains.
